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(54) OPTICAL SENSOR AND OPTICAL SENSOR UNFT USING THE SAME 
(57)Abstract: 

PURPOSE: To make it possible to sustain linear 
optoelectric conversion characteristics upto a low 
quantity of light region by converting photocurrent, 
delivered from an optoelectric converting means such as 
a photodiode, into a voltage by means of a differential 
amplifier and an integrating capacitor. 
CONSTITUTION: The optical sensor comprises a 
phoitodiode 1, an operational amplifier 2 having an 
inverted input receiving an output from the photodiode 1 
and a non-inverted input receiving a voltage reference 
Vref, an integrating capacitor 3 connected in parallel 
with the operational amplifier 2 and connecting the 
output from the photodiode 1 with the output from the 
operational amplifier 2, a capacitor 4, and an output 
switch 5. In accordance with the quantity of light, the 
optoelectric converting means (photodiode 1) produces 
charges which are led to the input side of a differential 
amplifier circuit(circuit employing a CMOS) and then the 
charges are stored in the integrating capacitor 3 
connected in parallel with the differential amplifier circuit. Consequently, a constant potential is 
kept at the input side of the differential amplifier circuit and the variation at the output side 
thereof is amplified and outputted therefrom. ' 
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10. lcoSfllU;^c3t*7Ji^®ffi^^$n;t<l"rfe^o 
LT, ttJ;^/X-r ^y5^5. l75i^*:t>a:?S:oTt/>^OD^. 
^^»3 0c^A;^{W3 0 aCDSffiH. Vout. liiZm 

ti. U-fe^y hT.^ y^7f)^:t>tt^^X\^^^<DX\ MO 



[0 0 4 5] :;*:tc 



t 1 2{r:feViT. 3te-fe>it-i 
T>y2. 10tB>JtiS2pmfi{C?O^I2^$tX^o 

±j^vrz^v\z. :t^r>:/miz^y±:y hm^^^ 

20 ir>it-10. l<Dti!itf\t. 

S3 1 ^iffVX'j-xy:taus<Dmmmi<Lv t htc^^g? 

Vout. 1'= Vref+Vof. 1 (14) 
OafcVout. 1' {Cl^^^n^o «£oT. A;(jffliJ3 JiUir^y hX-T ^;/5^77:f^':t-7'>d:;iJ:-:>T(.^^(7)T, A 

0 a(Dmmt. (1 3) :^^zs (1 4) :*^6*«j^<fc/5* tjMs 0 a(Dm&^m\zmmvx 

Vtr = Vth + AVl •-•(15) 



izw^w^tiu^^o ^Tc. z<Dm&^mv t r-^^wim^n 

t r;0^T4MV t hT*^fci6Ui;fj®<iti01r*^o ^ . 
fz. mn t 1 2 tC^St^^T V t h + A V 1 hSffitC 
^iJW^n^CDX. C<^y — X'7;f P»787&^6^1A V 1 ^ 



[0 0 4 6] ^^\Z. mmt 1 3fC43liT. tB;^X-f *y 

0. l(D:t^T>'y2. llC430>T7tfttCjSi;/2:»«!b 

10. 2(DtfcS:^;!^^mP$n. ej^^St^A:^{ffl3 0 
ati, J!^T{C^-r7tir>"y— 1 0. 2<7)m;^mfiVou 

t . 2tcis«$nSo 

[0 0 4 7] 



Vout. 2= Vref+Vof. 2-AV2 (16) 
-eUT. ^^J t 1 4tC*3V^T. 3t'ir>1^— 1 0. 2(Om OOA;^<B!l 3 0 a a)^fi:fe±#U. 

fimm^'j^yh-^n^t^ (14) twim^zB^mmmo^^ 

Vout. 2'= Vref+Vof, 2 (17) 

h fC«. 



iiU^. S£oT, ^^J t 1 3JC43ViT^fiV t hJCU-t: 

h$nTii^e^^s<Dffl:t?<sii3 0 b(D^mm&v t 

V t r = V t h + AV2 

f)mn^o z.n\zj:D'j-ysy :tuy sf)^^\itAv 2^^ 

[0 0 4 8] :^mm:\Z^^^XJft^yt±>-^— 1 0. 1 

10. nizMi^xmrnr i^immtvxz.niE>(Dmi^ 
siBioiiL. mmmfmmv'-:s^<Dxtj^-^m^vx\^^ 



•••(18) 

[0 0 4 9] r^ttj-fe. 1 1 if)^^mmTim(D t 

1 1 • {c^liT7tir>-9'-l 0. l<Z)ai:^X-r >;/5^5. 

i?i)^fflF^^><h;^.j:o, mmt 1 3f)^i^wm^rirzytmf)^ 
mmz^m-^nx/'^yyT^^i itceii^n^o mm 

tl2. tl3. t 1 4^^^T0B#ra»COP$S!l t 1 
2', tl3', tl4' (C43liTfe, -en-6nB#^J t 



(81 
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12. ti3. 1 1 4\z^»^mf^f)mom^n^. 

[0 0 5 0] C<D^olZ. ^m(D^m\Z^^^T\^. /^y 

fe«€>c>^s:B5ii:u, ^(Djftm\zm\.t^m^^m^mtj 
[0 0 5 1 ] mmm3:\ mio\z. :$^mmm\zw^^^ 

SSfe. n<il(7):7* ^^•<:^--Hl:f&^e>^^:^^t•fe>+^- 
lO. 1-10. nT^^^nxV^^o f®>J?CD^-fe>1f 

T>^2. '^i!>\zi^^Ty^2t,m^\\zmm^tvtdm.^ 

c:n6(^)«^Ol*3v*»S«?lIl<i:*ii-r^gB5i'tc43l.v 

1^—10. 1-10. n(7)ffi;^$:'1'>h'~i5^>X^ML 
x^-h^^v—7.yi^uy%\z^^^x. t(o¥—vmM 
8 G (CISS^ nr l^^fc U -tr h X-f ^ 7 ^^^BSf ^ :i 

\ztm'^^^fih(Dmmf^E ^-^^zt.^^isL 

-r^)tae)> ^^ir>'tf-l 0. 1 — 10. nt^^(0\;^f} 
Lfc^f' U -fe ^y h X 5" 9 J: 0 <g;li<2{C U ir 

X a 7 8 tb :/jffliJc^ U ir ^y h X-f 5^ 9 >-r ^ 
-X :7 D ^7 8 hmii^ U ir ^y h X^ >y ^ 7 

[0 0 5 3]-^bT, Uir^y hX-r u/5^7*5j:rX9;0«::j- 
>i:^cJ:-^Tl'^'5P0ltl. 3tir>it— 1 0. 1 — 10. nCT) 
ttS:>f7X-f *y5'5. 1—5. n^:t:7<i:LT(/^^7^*. * 

4 1 *5ct r/y- h m«g 8 G cD@<a« o v sT-iST'r 

-So &7tir>-y-— 1 0. 1 — 10. nCD:^'^ so 
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T>:/2. 1-2. nJi, ffi;fjX-<^y^5. 1-5. n 

t^^v-y.y a^u^ h@@8 G^TCD*ffi^4 

1 <£:^<7)tBg3fe«-r'5i6Ml7^^*^-r'5o C 0)^4:3^4 1 <D 
i2^^S«. .1 pFS«(D<a*j#^. Sfc. &3tir>.1t 
-10. 1-10. n;5^b<7)m:^jm{4tiO V— 2-3 V 
(h::^^t.^o Z(Dfc^. 7tir>1t-|^Mtc^^n^7t:ir> 
it- 1 0(^^7^^*;k:#<7^^<h. ^cD3temPtr0l;6^*M«T# 

[oo5 4]^i3Jc. %mmi\z7^i.rz%'^>^-^ 

y-Xy'::i-D»7 8(DtB:;^fl!lcD«&^^t:Voco»#PBl«6 
-v-H >lC*5l.iTti, ^ffi^4 1 (D^a<& 1 p F. 

Ty^(D^ h y yi^Ts^-^-i x^Waummmxm^i^. . 

^n-/^j^&IS«5 0 OKHz tUTV^^o *S(rT¥iJ 

^^o\Z. O-^v hX-f >y^9f)^:t>tU^miZ. 

VW$LV ^tl^^v%x^'^')b.^t^^. y-x:7:to'7 8 
(D^ti^^v o(nsL^jLmy)\t.i^^—'f\zu^^. s 

[0 0 5 5] ^ZX. i^mim\Z^\^^X\%. y-X:7;i* 
P'7 8<^tB:^m{4Vocr)iL'e.±7j>^-0^i^<U, iSi^l&f^ 
S:plfigt-r^:/:t«>(C. y-Hmfii8Gfl!lcOU±:^y t-X-f 
^y5=^<&^^. >Jr*-hm©:VgCD^-fei>^^^E5ll:T^J:5 
tcLTl/^-So —^r. y— x:7;4-D'7 8(Dai;tj«(DUir^y 

hB#fcsii«8ft7;>^SftnsctS:Bi5ih-r^3t«). y-x:7 
^u^% om;^;)* 8 OtcEf^x-r ^y5^4 0 ^iS:MUT(/^ 
-^UT, y— x:7;to»7 8c^tB^;fi!l^Uir^y K'T'S 
Uir^y hX-f ^y^9:;$>^:t><h?S:^;feB#tC. jg^fX-Ty^ 
4 0^::fyi:UTS:il®ffi^I»Jl:bTl.^^c 
[0 0 5 6] 01 1 lC^-r*^i£^JcD^-< ^ >^5^^ — 

•y— 10. 1-10. n(nmVp'^:^xs^^T>^(o}&^ 
\t.nmm\t.nmz-D^mm^%^-t^. ^r. B#^jt 

2 1 tc. ai:^7X-r ^y^5. l7&^*^>r^<h, *fflSl4 1 

co«^. f^S^p-^, y— x:7:4-D'7 8<0A:tj8GC!)««i: 
tl. :i-^T>y2. 10tB:ti«{4ti?b<:^c5:0. y-X 
y;i-P7 8cD>ir— hS{ii:L.TS2p«ffiV r e f t^^^A 
VI ActtiS;i^^fit7!^>*iS^^n-2>o c:tlih|WiP#fC> y-XT^ 
;t P »7 8 U ir «y > X-f *y 5^ 9 ?&«:t > 0 U 

ir^y h^n^o 

[0 0 5 7] u^o^u. y-x:7::j-P9 8(7)i±\;^?«^tci£g 

$nTL^^ji»fX-r *y?4 0 75^:t:7,t3^j:oTl.^'5<7)-Tf, 
MSmSSttSSnT^^V^o :^{C^^J t 2 2tC:fe(/^T. Uir^y 
hX-r ^y?9 75^*:t7(h^cJ:0. iSKX-f ^y ^4 0 ;^^^*::i'><h 
/'cf-ixi:. y-X>';t P*? 8 0<7)ai:/jffl!ltC, -^(^PtCO^— 

vn^. tut)-^. AVI ic:^*i£;;t-^m;^«ffi7&t^n 

P7 8<Dy— h«118Gt^, -r-etCiP^^Jt 2 It!;^?)^^ 

T>y2. i<Dtts;t»tii^3^$nT(.i^o-c. mnt22 

fC*5lVT«, y-X>';^-P9 8(7)A:^«i3[t^:t^T>7' 



(9) 
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ji^4 1 ^ctixy- hmm 8 G^^mr^rzi5b<Dm^m 

to 0 5 8] :k\Z. mm t 2 3{C:feliT. 
.5. l> 4ocfcI/X-f ^y^l 07^^*^:7ch;tj:0> 5tir>-y--- 
10. KOO-ty hT.^ y'^e. 1 . 5t-fe>-tt— 1 0 . 

c^^r-h«1i8G^Ctt:t^T>y2. 2 CDffi:;'? A V 2 
EPJP^n^o -^LT. y-X>';tn'7 8(Offi::^#J(lU-fe 

G\z:t^T>y'2. 1 (Z)m:;^/mfiA V 1 ?ii^6.^^T>:/ 
2. 2<0ttS:^«{4A V2 30^fiSgH]ilP$n'5o seoT> — 
so VJcTTi^^oJt^, :t^T>y2. 2 <7)£tS^;Sfi A V 

T>y2. 2 0?S»m;bt>/jN$<T^(.^o 
[0 0 5 9] ;*:tw. PfM t 2 4(c4D(.iT> X-r^;/^9 75^ 

7.y:tU^(Omtim^Z:t^T>'y2, 2 (Dffi:*;^^* A V 

2{c^;^:;L';^cffi:/j^EE;^>^*^n^o t^cC^s. 7t"fe>lt-i 

[0 0 6 0] mi 2\z.^nmm\z:}^^f^^j-7sy^a so 

tc^^^^^l.X$>^o Z,(Diy^oLU~-iy3>{Z:^\r^X 

ti. 9u\>z7r:\^rzi^^oLU->^3>m^Lmm^z. ^mm 
z^uT^^^o ^m\zxn^^o\z. mi siztj^ltzz^ 
\z. wzm^o)mia:^Ur>x\^^^rcib. o^timiyLVoo) 40 
[0 0 6 1] z.<D^o\z. :^^mm\z^^^x{t. X 

y:tau(Dm:tjmzmm7^'iy^^m^f^c^\zJ:0. 

v-7.y^uy(D0±y hmcoMmmm^m±Lx\^^ 

(Dihtimzmmov^zv-^y h^n^z.t^^u<. 
hm^^^±:>ir-(Dti!^t}mmzmm?s^zm^-r^z.t 

f)^X^^. ^^\z. 'j—7.y^ay^0±yhl^X^^^ 

mm. ^ut>t>. 'j—7sy^uy(Dmtjm<D^)±yhy. so 
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y'^:fy^:i'>tU^X\^^^m\z. :ko)^'\i>^-(om:h 
^'j—y.y^uycD y — h mt t l xwimT ^zt 
^fy^'^mtU^o fie-3T. 'j—7.y^ay<Dtht)m(D0±: 

yhf)^^Tv\ ^ytt>^-\znft^vrzait!m&^mti 

mR^nrc^'\z>^-(D&ijmi}L^miL^'^^z,h^^x 

:feViT«> y-x:7^ar7:d^e»(^ttS:/jJK^7&^. iz-^JiT^^ 

y)f)^'y^-'fx. mm?^\z^^^:.>^-(D\htim.mzn 

[0 0 6 2] fcf:^. 2|s:0t|:fe<±;tK^JS«»J 1 tc4i3^.^Tti, y 

7^hy^i>r—\^^m^^x^^^ffis v> i ny^ hy^^— 

[0 0 6 3] 

ffl (.^T^-b >-9— <£;^fiK-r ^ d <i: nftg ^ . 
[0 0 6 4] $e,(C. «53-^S<OM^^{t:-r^Ci{Cj; 

- K(cjeH-r.53t-fe:>U— &S»ffiK-\cr)^#^£rttI*lJ-r 
[0 0 6 5] sfc. is^©>t-t:>-y— 

m^O^»fc^*-r-5:it**T#S. C©fc«6. its© 



(10) 
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[0 0 6 6] /"^yyTm^^m^-r^thttrnF 
mtim F E TomtJiKmiz^iL'oxihtfm f e Toy- 

[0 0 6 7] ^;^c, *^l9tc#^7fe-tr>1j— (1. MOS 
N ^ > >^;^ J; 0 n;t lHl8S-m3KT^ ^ OT, 

[0 2] g| 1 \z^^^±: >-y— ^Sa)l&fP*^"r ^ < ^ 20 

[0 3 ] la 1 fc*t-7t'fe>-y— ojt«^iaif#tt^^t-i^ 

[04] 0i{csr7tir>it-<^7t«^*&#tt<^^^b^ 

> y c7) [Hiiesm^ ^ ^-r 0 T ^ o 
[0 6] m3\z^r:t^r>y(Di^m^i^^^'r^yy 

[0 7] *^0^o^SS«?iJ2Jc«^Jtir>1J— Se<7)InlK 30 
[0 8] 0 7fC*f?t-fe>1t-igB<^i!lf^«:^-ri?'f ^ 

[09] mi\z^ryt±i>^-(o^m^mnit^mm't 
{^:^^^^r[5is&0TS^o 

[01 1] 01 0\Zfrit^'^y^-^W(Dm^^fr^'t^ 
[012] 01 0t-^f7t-fe>1t-^gtc*5tt^A*^:/:7 40 

[01 3] nmmi\z^'r%±:y'&-mw\zi^^-y^ny 
yr^^(Dxtim^tmf}m^(Dmm^m^i^^=L\^- 
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'>3 >UfclS«S*T^/^^0-^fe^o 

[014] ^iSt^cDy^ h h^>>?x^^fflv^fcJt1r>ti- 
-SM(^lHl{^*S^*^"riHlK0Trfe^o 

[015] 01 4fC^f h>^>i^Xt$^(DfPi&1ttt 

[016] 01 4{l*r3t-fe>it-<^)7tm^a#14^* 
-ry^:70T*'5o 
[^^<^Si?B] 
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